Monoclonal hybridoma anti-Lyt-1 .2 antibody (lot FPB 031) and anti-Lyt-2 .2 antibody (lot FPA 179) were purchased from New England Nuclear, Boston, MA, and used as cytotoxic reagents as described (4) . Monoclonal hybridoma anti-Thy-1 .2 antibody was a generous gift from Dr. P. Lake, Georgetown University, Washington, DC. Rabbit antimouse thymocyte serum (ATS) was obtained from M. A. Bioproducts, Walkersville, MD. Fluorescein isothiocyanate (FITC)-conjugated monoclonal anti-Thy-1 .2 antibody (30 .H12), monoclonal anti-Lyt-1 antibody (53.7.3), and monoclonal anti-Lyt-2 antibody (53 .6 .7) were purchased from Becton, Dickinson & Co., Sunnyvale, CA.
Immunization
Mice were immunized with 100 jug/ml of KLH, FGG, TNP-KLH, or TNP-FGG in complete Freund's adjuvant (Difco Laboratories, Detroit, MI) intraperitoneally 3-8 wk before use .
Derivation of Antigen-reactive Clones KLH-primed B6C3F, spleen cells were depleted ofcell surface immunoglobulin-positive cells by adherence to anti-mouse immunoglobulin (MIg)-coated plastic dishes as previously described (8) . The T cells obtained were stimulated in vitro for 1 wk with 50 Jug/ml KLH, and then restimulated weekly with 50 tag/ml KLH, unprimed 3,000 rad-irradiated BIO or B10 .BR spleen cells, and 5% T cell growth factor, made as the supernatant of 24-h concanavalin A-stimulated BALB/c spleen cells to which alpha methyl D-mannoside had been added to 0.15 M. Cloning of KLH-reactive T cells was accomplished by limiting dilution methods . Cells were plated at a concentration of 0.3 cell/well . Under these conditions, 10-19 positive wells were scored per 96-well microtiter plate. FGG-specific clones were similarly generated from FGG-primed BIO spleen cells . (B plus accessory) cells. T-depleted TNP-KLH-primed spleen (B plus accessory) cells were prepared by treatment with a T cell-specific cytotoxic rabbit anti-mouse brain serum (RAMB) plus complement (C) as previously described (8) . In selected experiments, more rigorous T cell depletion was accomplished by pretreating in vivo with 0.5 ml of a 1/10 dilution of ATS and then treating spleen cells sequentially in vitro with RAMB plus C, monoclonal anti-Thy-1 .2, monoclonal anti-Lyt-1 .2, and monoclonal anti-Lyt-2.2 plus C.
Th cells. KLH-primed Th cells were obtained as spleen cells nonadherent to anti-MIg-coated plastic dishes as previously described (8) . Accessory cells. Unprimed spleen cells were T depleted by treatment with RAMB plus C, followed by 3,000 rad irradiation, and were used as a source of accessory cells .
Cloned T cells. Cloned T cells were assayed for suppressive activities either on TNP-KLH-or TNP-FGG-primed spleen cells or on a mixture of TNP-primed (B plus accessory) cells and KLH-primed Th cells.
Culture Conditions for In Vitro Antibody Response
Cultures were performed as previously described in 2-ml wells incubated for 5 d at 37°C in 5% CO2-humidified air (8) . For assays of suppressive activity, titrated numbers of cloned Ts cells were added to either 3 or 4 X 106 TNP-KLH-or TNP-FGG-primed spleen cells per culture or a mixture of 3 X 106 TNP-primed (B + accessory) cells and 1 X 106 KLH-primed Th cells per culture . Cells were harvested, washed, and assayed for plaque-forming cells (PFC) on TNP-conjugated sheep erythrocytes (8) . All points shown in each experiment represent the arithmetic mean IgG PFC responses oftriplicate cultures.
Immunofluorescence Staining and Flow Microfluorometry
Cloned cells were stained with reagents in amounts predetermined to be saturating. Flow microfluorometry analysis of the cloned cells was performed with a fluorescenceactivated cell sorter (Dual Laser FAGS II; B-D FACS Systems, Sunnyvale, CA) . Fluorescence data were collected using logarithmic amplification as previously described (9) on 5 X 10' viable cells as determined by both forward light scatter intensity and propidium iodide exclusion (10) and are displayed as a graph of logarithmic fluorescence intensity versus cell number . Logarithmic amplification was provided by a three decade logarithmic amplifier constructed from a National Institutes of Health-modified design of R. Hiebert, Los Alamos Scientic Laboratory, Los Alamos, NM .
Results
Cloned T Cells Are Antigen Specific and MHC Restricted. The antigen specificities ofcloned cells were assessed by measuring antigen-specific proliferative responses (Table I) . Clones 8-4 and 8-5 proliferated to KLH in the presence of B 10 but not B10 .BR accessory cells, whereas clones 9-5, 9-9, and 9-16 proliferated to KLH in the presence of B l O .BR but not B 10 accessory cells. None of these clones proliferated to FGG. In contrast, clones 2-15-5 and 2-19-2 responded to FGG but not KLH plus B10 accessory cells. These results demonstrated that each of these clones responded to specific antigen in an MHC-restricted manner.
The cell surface phenotypes of clones 8-4, 8-5, 9-5, and 9-16 as well as clone 5.6 (a cytotoxic T cell clone, kindly provided by Dr. J. A. Bluestone, National Institutes of Health (11) , were analyzed by fluorescence-activated cell sorter . One example of the fluorescence profiles obtained in the present studies is shown in Fig . 1 , and the findings are summarized in Table 11 . Clones 8-4, 8-5, 9-5, and 9-16 are all strongly Thy-1 + and Lyt-2-(whereas clone 5.6 is strongly Lyt-2+) and are all Lyt-l + although varying in their quantitative levels of Lyt-1 expression . (Table III) . In contrast, five out of seven H-26-restricted KLH-specific clones (including and seven out of nine H-2k-restricted and KLH-specific clones (including 9-5 and 9-9) failed to provide any help under the experimental conditions tested (Table III) .
Next, it was asked whether those clones that have no helper function were able to suppress antibody responses. One out of five H-26-restricted nonhelper clones and three out of seven H-2k-restricted nonhelper clones functioned as suppressor cells. In the experiment shown (Table IV) , the suppressive activities of clones 8-4, 9-5, and were measured by adding graded numbers of those Table I ) . (Table IV) . In contrast, clones 9-5 and 9-9, which proliferated to KLH plus B10 .BR accessory cells, suppressed the responses of B10.BR and B10 .A but not BIO (Table IV) Since it was previously demonstrated that both antigen-specific and antigen-nonspecific Ts cell populations can be generated by stimulation of primed T cells with specific antigen and that both Ts populations function in a haplotype-specific manner (5, 6), it was next determined whether the cloned Ts cells described above are antigen specific or nonspecific in their effector function . Cloned Ts cells were added to TNP-KLH-or TNP-FGG-primed responding B10 or BIO .BR spleen cells and the cultures stimulated with 0.001 jug/ml TNP-KLH or TNP-FGG, respectively (Table V) (1, 12, 13) . To minimize the possibility that other T cells were participating in suppression, cloned Th cells were used as a source of help, and (B plus accessory) populations were extensively depleted of T cells. (B plus accessory) cells were prepared from TNP-primed spleen cells by pretreating in vivo with ATS followed by sequential in vitro treatment with RAMB plus C, and with anti-Thy-1 .2, anti-Lyt-1 .2, and anti-Lyt-2.2 plus C. TNP-primed B10 or B10.BR (B plus accessory) cells were cultured with KLH-specific Th clone 8-5 (H-2' restricted) or Th clone 9-16 (H-2' restricted), respectively . 1 X 10 4 cloned Ts cells were then added to these cultures (Table VIII) The precise relationship between the cloned Ts cells characterized here and the recently characterized heterogeneous populations of MHC-restricted Ts cells (6) is uncertain. Immunofluorescence studies of the antigen-specific clones described here revealed that they were Thy-1 + and Lyt-1 +2-. In addition, it appears that these cloned Ts cells are able to function as final effector cells since they efficiently suppress responses mediated by cloned Th cells without requiring the participation of any additional T cell populations. In previous studies (5), however, it was found that heterogeneous antigen-primed Lyt-1 +2-T cells mediated antigen-nonspecific suppression through a mechanism requiring unprimed Lyt-1-2+ T cells, whereas antigen-primed Lyt-1 -2+ T cells mediated antigen-specific suppression without any apparent requirement for additional T cells. It is therefore not possible to identify any concordance in functional specificity and Lyt phenotype between the Ts clones derived and characterized here and the heterogeneous Ts cell populations previously characterized (5, 6) . The possibility remains that cells corresponding to the cloned Ts cells reported here are present in active heterogeneous Ts populations at undetectably low frequency and were selected by the cloning procedures used . Alternatively, the process of repeated stimulation and cloning may have led to the generation of a differentiated Ts cell phenotype distinct from that found in conventionally primed T cell populations.
Both the helper and suppressor T cell clones characterized in the present report express a Lyt-1 +2-phenotype. Previous studies of conventional T cell populations have similarly identified that Th cells are Lyt-1 +2-; and recent studies have demonstrated that Lyt-1 +2-T cells can also function as the inducers of active suppressor effector cells (1, 12, 13) . For these heterogeneous populations, Th cells have been distinguished from suppressor inducers on the basis of Qa-1 phenotype (Qa-l -Th cells and Qa-1+ Ts inducers) (1) . The Th and Ts clones characterized here have not yet been analyzed with respect to additional cell surface markers such as Qa-1 or Ia. It should be noted that the Lyt-1 +2`Ts clones used in the present studies appear to be capable of functioning as suppressor effector populations, and not simply as inducers, and that these clones thus express a Lyt phenotype not generally associated with the suppressor effector activity that they demonstrate (1-3, 12, 14, 15) . The finding that these cloned Ts cells have the same Lyt phenotype as cloned Th cells raises the specific possibility that these Ts cells are of the same lineage as Th cells and represent cells that have lost their helper function during in vitro culture. However, the finding that only a subset of nonhelper T cell clones functions as Ts cells suggests that this may not be the case . Moreover, both Th and Ts clones have been generated relatively early during in vitro culture, and have been maintained for prolonged periods as stable functional phenotypes . The requirement shown in the present studies that Th and Ts cells recognize determinants on the same antigen also appears to distinguish the Ts cell function characterized here from that of the cloned Lyt-1+2-Ts population recently described by Bottomly et al. (16) .
In a previous report (6) , it was speculated that the mode of action of heterogenous MHC-restricted Ts cell populations on heterogeneous Th cells might involve (a) Ts cell recognition of both the specific antigen and the appropriate MHC product (e.g., Ia) bound to the appropriate clonally expressed Th cell receptors, leading to the functional inactivation of only those Th cells expressing specificity for the appropriate antigen plus Ia; (b) Ts cell recognition of antigen presented by the Th cell receptor and the B cell Ia products that were being presented to the same Th cell ; or (c) Ts cell recognition of and binding to antigen and Ia products on B cells, thus directly competing with Th cells of the same specificity . These alternatives were each constructed to account for the apparent requirement that active Ts cells be matched in both MHC restriction and antigen specificity with the Th cells that function in a given response . However, the finding that monoclonal Ts cell populations can completely inhibit responses involving heterogeneous Th cells adds a new level of complexity to such speculation . It might be expected that heterogeneous Th cell populations specific for an antigen such as KLH would be heterogeneous in their MHC-restriction specificities, as well as in their antigen fine specificities . In particular, I-Arestricted, as well as I-E-restricted, KLH-specific Th cells might be present in such populations (17) . Since any given KLH-specific Ts clone might be restricted to either I-A or I-E, but not both, it might therefore have been anticipated that no single H-2-restricted Ts clone would suppress the activity of both I-Akrestricted and 1-Ek-restricted Th cells. However, it was observed that H-2 krestricted Ts clones, while unable to suppress the activity of H-2 6-restricted Th cells, completely suppressed the activity of H-2'-restricted Th cells. It is of course possible that the "heterogeneous" KLH-specific Th cells generated in these studies are overwhelmingly I-A-restricted (18) , and that the Ts clones used are similarly restricted . Alternatively, these Ts clones may recognize cross-reactive determinants on I-A and I-E products . Studies are currently in progress to subregion map the MHC restrictions of these Ts clones and to further evaluate the effects of these cells on the function of cloned Th cells with known MHC restrictions . Such studies may clarify the mechanism that mediates MHC restriction in Ts cell function.
The present studies have identified cloned Lyt-1 +2-Ts cells with suppressor effector function that is both antigen specific and MHC restricted . These cloned Ts cells appear to act by specifically inhibiting the MHC-restricted interaction between Th cells and the B and/or accessory cells with which they interact. Further studies using monoclonal Th and Ts populations may provide additional insight into the mechanism of these regulatory events.
Summary
The present studies have identified cloned Lyt-1 +2-T suppressor (Ts) cells that are both antigen specific and major histocompatibility complex ( 
